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During the l a s t  decade, i nc reased  i n t e r e s t  has been focused on the steam gas i f i ca -  
t i o n  o f  coal us ing  a l k a l i  meta l  c a t a l y s i s .  Various i n v e s t i g a t o r s  have s tud ied the 
k i n e t i c s  o f  c a t a l y t i c  H20/C and CO2/C g a s i f i c a t i o n  reac t i ons  and comprehensive re -  
views are a v a i l a b l e  (1-3) .  

An impor tan t  aspect  o f  t h i s  g a s i f i c a t i o n  process i s  t he  v a r i a t i o n  o f  the reac t i on  
r a t e  du r ing  conversion. 
r e a c t i o n  area and t h e  change i n  t h e  amount and d i s t r i b u t i o n  o f  c a t a l y s t  dur ing 
g a s i f i c a t i o n .  It i s  impor tan t  t o  develop a method and a k i n e t i c  model f o r  the 
c h a r a c t e r i z a t i o n  o f  these v a r i a t i o n s  and t h e  de te rm ina t ion  o f  the i n t r i n s i c  ra te  
parameters. 

The p r imary  c o n t r i b u t i n g  f a c t o r s  a r e  the change i n  the 

Experimental Method 

The char  was impregnated w i t h  KOH t o  va r ious  concen t ra t i on  l e v e l s  us ing  an i n c i p i e n t  
w e t t i n g  technique. 
atomic abso rp t i on  spect roscopy.  Char samples were g a s i f i e d  a t  8OOoC, w i t h  15 k Pa 
CO2 (balance He) and a t o t a l  pressure of 100 k Pa. The r e a c t o r  was operated under 
d i f f e r e n t i a l  cond i t i ons .  The gaseous products  were analyzed by o n - l i n e  GC and I R  
analyzers.  The r e a c t i o n  r a t e  and carbon convers ion were c a l c u l a t e d  from the f l ow  
r a t e s  and t h e  CO/CO2 concen t ra t i ons .  
measured by a dynamic adso rp t i on /deso rp t i on  technique us ing  CO2 as the  adsorbing 
gas w i t h  he l i um as t h e  c a r r i e r  gas. 
i n  F igure 1. 

Resul ts  

Surface area measurements have been completed f o r  the char  w i t h  K /C  = 0.0045. The 
change i n  t h e  area w i t h  convers ion i s  shown i n  F igure 2 .  The dependence o f  carbon 
conversion on t ime a t  va r ious  c a t a l y s t  loadings i s  shown i n  F igure 3. 

Various d e f i n i t i o n s  f o r  t h e  r a t e  o f  g a s i f i c a t i o n  have been used i n  the  l i t e r a t u r e .  
I n  t h i s  s tudy t h e  r a t e s  w i l l  be d e f i n e d  as: 

The potassium con ten t  o f  the d r i e d  samples was determined by 

The in t raphase  areas o f  char  samples were 

A schematic diagram o f  the apparatus i s  shown 

The r a t e  o f  carbon g a s i f i c a t i o n  i n  a char  sample i s  p r o p o r t i o n a l  t o  the t o t a l  
number o f  su r face  a c t i v e  s i t e s ,  9:  
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d t  ” 
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During g a s i f i c a t i o n ,  t h e  r a t e  changes due t o  var ious fac to rs  i n c l u d i n g  ne t  consump- 
t i o n  o f  s i t e s  and c a t a l y s t  l o s s .  
resented by an o v e r a l l  f i r s t  o r d e r  process: 

I t  i s  assumed t h a t  the l oss  o f  s i t e s  can be rep-  

- -  d: = 3 )  
d t  b ( b - $ - )  

where i s  a f i n a l  l i m i t  which depends on the  i n i t i a l  p r o p e r t i e s  o f  the sample. 
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The i n i t i a l  conditions a t  t = o are:  

co mc = m 

0 = $o 

After integration a n d  subs t i tu t ions ,  the following expressions a re  obtained 
conversion and rate:  

m 
x = l - C  

co 

Q, $m 
7 f ( 1  - T) exp ( - b t )  

4 )  

5 )  

sr 

6 )  

A t  high conversions, Equations 7 and 9 deviate from the data.  This i s  expected be- 
cause Equation 3 i s  based on the assumption tha t  the surface i s  unsaturated with 
active s i t e s ;  therefore the number of ac t ive  s i t e s  and  n o t  the to ta l  reaction area 
determines the ra te .  However, as conversion proceeds the surface becomes saturated 
with active s i t e s .  Nith ca t a lys t ,  t h i s  occurs as K / C  increases and surface becomes 
saturated with ca t a ly t i c  s i t e s .  Under the saturation condition, the ra te  per un i t  
area remains constant b u t  the ra te  per unit  mass, Rm, will be proportional t o  the 
reaction area, Sm. 

The predictions of t h i s  k ine t ic  model and the corresponding experimental values of 
rate are shown on Figure4. 

Conclusions 

Impregnation with KOH reduces the surface area of the coal char possibly due t o  
pore plugging. Upon gas i f ica t ion ,  however, the surface area increases rapidly and 
goes t h r o u g h  a maximum. I t  i s  speculated t h a t  the increase in area a t  low conver- 
sions i s  due t o  ca ta lys t  mobility and unplugging of pores. 
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The v a r i a t i o n  i n  r a t e  d u r i n g  the c a t a l y t i c  g a s i f i c a t i o n  i s  complex and depends on 
the i n i t i a l  cha r  p roper t i es .  
p lay  o f  t h ree  f a c t o r s :  
loss. The c a t a l y s t  i s  l o s t  by  severa l  mechanisms i n c l u d i n g  d e a c t i v a t i o n  react ions 
i n  s o l i d  and m i g r a t i o n  from t h e  char  su r face .  
impor tant  processes i s  requ i red .  

The t r e n d  o f  change i n  r a t e  w i t h  convers ion a t  the onset  o f  g a s i f i c a t i o n  depends on 
the o v e r a l l  r a t e  o f  l oss  o f  a c t i v e  s i t e s .  I f  the  l o s s  i s  f a s t  compared t o  the main 
reac t i on ,  the g a s i f i c a t i o n  r a t e  w i l l  decrease w i t h  conversion; o therwise i t  w i l l  
increase., 

As t he  ca ta l yzed  char  i s  g a s i f i e d ,  t he  K!C r a t i o  increasesand t h e  sur face becomes 
sa tu ra ted  w i t h  c a t a l y t i c  s i t e s .  Before su r face  s a t u r a t i o n ,  t he  v a r i a t i o n  i n  the 
g a s i f i c a t i o n  r a t e  per  u n i t  mass i s  due t o  the  change i n  K / C  r a t i o  and n o t  the 
change i n  area. However, a f t e r  surface s a t u r a t i o n ,  the r a t e  pe r  u n i t  mass i s  com- 
p l e t e l y  determined by the su r face  
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I n  genera l ,  t h e  v a r i a t i o n  i s  ma in l y  due t o  the i n t e r -  
t he  change i n  area, t he  change i n  K / C  r a t i o  and the c a t a l y s t  

Fu r the r  s tudy o f  these complex and 
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Flgure I .  S c h e o a t l c  of the a d s o r p t i o n  a p p a r a t w .  
A) Cas eyl inder(l:  8 )  Toggle valves; C) Rotameters; 0 )  mermal 
conductivity d e t e c t o r s ;  E)  Dlgltbl  i n t e g r a t o r ;  F) S t r l p  c h a r t  
recorder;  C) I n J e c t i o n  septum: H) Four way valve:  I )  Hul t ip le  
l e m p l e  LOOP: J )  Sample ce l la;  K) b b b l e  flov meter. 
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Figrre 2 .  Variation of s p e c i f i c  surface area during 8a~:Il~nclon; 
‘UC - O.OOL5.  
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